Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060012-8

.

' A.J. DE MARIA
* AMPLITUDE KODULATION FOR LASERS

Jan. 10, 1967 3,297,876

Filed April 16, 1963 4 Sheets-Sheet 1

ey ey

6.0 rezzEl

.

Z s
- CRRGCITER
A
5. 4 G &
Fowee "
OSCréelRroes
.
.oc rid : 1o
PO o
A7 L
pEE=e Y /e
- FI6.2 - ST
: ]
-
IR Ak
Fle. 3 o
L HTERSOME A |
- wzegsewe _ﬁuﬂ _ N z
: ! i~ H B
[ -4—1-,'{ i
l | | ] i ' [ o
. HEEEEE
W r-2 A '
'ﬁ«c%‘.;w}}\}hlﬂlklll! z
LG 1A
-? i ;2' A ~/l' %4
72— ; _ .
- / AA/f//aft/)'Y/Vf/”rae
2 K L P AT/ T
76— =) " ook i
ATl ph Sy e S il
14 ‘-

Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060012-8

A e S b . L————— s

e e ]

Vi ST

QU YR

&,

AL



Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060012-8

i .‘1
A
Jan. 10, 1567 . A. J. DE MARIA - 3,297,876
B _ AMPLITUDE MODULATION FOR LASERS o ,
Filod April 16, 1963 B + « " "4 Sheets~Shest 2 -.
. o ‘ A T AN S DUCER '
; (A N Y
: s 6.2 FARFTe
: -E, " 'Af, : . : . ") x '} Je
o T /25 GO 2’ eusy
’ [ . : T . j D IR N i el
[P T o ) { J S
o m il L
e - é /1l SR, ) [ s mnn,
R I - 2 Y SN T s wrgsson e
E E R e . . '5 : ST RALL N

R st VL A
EOREE N ’ : , Tf.‘?&/.fﬂl/&é‘/é’x Hrres

L Free RIS 5

PUATLLRI G o P

B : -7
T R CLOIR TN ) L~ TN
v T - N /Z " l l N IT ¢Z ,>/ ¢/ /’..‘ \\
- B \/l ______ \ o5 {1 . \l 1
RO s ; - / NTTTT /'"F % ) " '\ (O
SRR HERY ~d \N Sy

fffzfara,e.: / 1 M~ S

i . . PAODLL 5 7O /‘7‘4/06//-/5‘15’ .
P : [::::I,_._*___ L BETER) :
CLel Celieo oo Cap LOMER
Paooie C o Gz N serc v
N ‘ (crrerrEeS

SIE R . ,—yﬁ/ﬂdﬁdaﬁrpg

Y

jox e : &
’ ) ) : PO £ LTRSS ONIC CELL

b s oureYr SUPFLY 7 |
[T /7 22 | o

—_—— ] - — e —— = o

Levsrs

' TEIGEEL . ' ’
Carifenne {zecese) R CrfLLEeToe
- prd ZEsS DTS ‘

’ . VREIRELE
TP picar LS :
. INVEN 7O
- /9/!//’/_/0/(/}/ S e AR/
: S T wrroewey

a

Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060012-8

JUCE O

‘»;-_.'xhn;.r::ﬁ‘.af.«.q st



Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060012-8

SR Jan. 10,1967 s npEmMamA 320096

. AMPLITUDE KODULATIOR l“OE LASFES o
e Filed dpril 16,1963 - - -. .- . . 4 Shcots-Shoet 3
i C fre 7 wrpmsovicses
? 27 pyspepe
/6’/‘?0//(///2”
T
Lo ' : _—__—-[:_ I
SRR U B o 7 bt ,
LR B . E
C MOBULATOR -
il 247 ,/»///
"z b moseenzoe| =
v 3 N A ': . ‘
ii . FG. & (/47'/?/4.."0/(//6' CoELL
L PUMBING. ‘; SE g0
//Z ,g,_a /)7/0/{/ e v I
g L - - A2 A7
_;:[ — o | S
i - >~ BEA.
ST b w ol p~<\| T ____
ot ol o /éﬁ
A0 L A :
Lo SR _/_60'/ MODULATOR
: F16.87
f—‘i”p/”g/,', . G . g
p?ﬁﬂ/ﬁﬁ bane B=~3 wepp PSRRI S S
== — a7
~——ZET sl LICHT
E::[r————gz L~ G
P i oSC/LLnTee - ; ot ‘
Lo . ) : ) 7 ‘ /A/fozmx.’
R e ,q/vrx//rj/v;' o LeMiIRIA
T — &7 GTTORNEY
L .
‘ - -
. i
~.1 7

Approved l;'or Release 2007/09/21 : CIA-RDP81-00120R000100060012-8



Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060012-8

elecsen b Jan, 10, 1967 ' A. J. DE MAPIA 3,297,876
T i : " AWPLYITUDE uopuu.‘r'lon FOR LASERS

RS © " Filed April 16, 1953 © 4 Snoots-Sheet &

L

WTEMIITY

i
i
4
i
|
i

0 ] A - 1 A -
o . . - YLTRASONIC INTENSITY

L R F16. 104 C
jo .. [ Lo - . B
e o N rrraryTaTTITERTSRTIVY
i T L VETLEDSONLE " ’

-

A I S St R e R R ANTHPMY J. De A
ST I . L. . . M’ =

il T e rroeney

-

a

Approved For Release 2607/09/21 - CIA-RDP81-00120R000100060012-8



|

T O T e A R Bttt

" cbtaining a time varyin

S

otates ratent Uilice

Approved For Release 2007/09/21 : CIA-.RDP81-OO120ROOO100060012-8 s

".yz}_'.....l.. A
3,287,676
Patented Jan. 10, 1967

3.297.876

AMTLITUDE MODULACGON TOR I.ASERS'

Antheay J. De Maria, Yest Hartford, Conn, meirnnor to,

Unpitead Aircraft Corporatic2, East Huriford, Coan., 2
carporation of Pelaware
) Filed Apr. 16, 1963, Ser. No. 273,514~

N § Clzims. (1 250—159)

.~ Tnis application is a continuation-in-part of applica-

e Serial No, 228,969, filed October 8, 1962.

This wvention iclates +, irirared masers, opticai
maseis, and ultraviolzs masers, all of which wiil ve re-
ferred te hercinafter as hsers  More particularly, (.hiq
invention relates to the contros of the output radiation

from these lacer devices.

This invention invclves the control of laser action by
efractive index in the FFabry-
<~ way o otinining this Gme
rasoaic cell

Perat cptical cavi [¢]
LA hbtalinded 22 LN, ‘ \
varying refraciive index is by insertirg an Wl
between_the reflective end rlates of 1 T FTop-
agating_ultra-onic energy ttrough the ceil. Dipeading
on the Telation belween The wWidth Gf theclestronagnetic
radiation”heam in ihe optical cavity of the laser and the
wave leagth of the sound wa e passing ihrough the ultra-
sonic cell, either refraction «r diffraction occu’s, refmg:-
tion. occurring when the wilth of ihe eclecuromagnetic

., radiation beam W is mauch naicower thun the sound wave

A* and diffraction occurring wnen the width of the clec-
tromagnetic radiation beam W is much larger than the
wave length of the ultrasonic wave. Through the teach-
ings of the present invention and depending on the rela-
tionship between the width of the electromagretic radia-
fion beam in the optical cavity of the laser. the wave
Jength of the sound wave i the ulirasonic ceil, and the
laser reflectors, the laser output can be controiled to elimi-
nate the random cutpul of some Jasers, synchronize laser
output with the ultrasonic frequency, amplitude modulate
the output of some lasers, or a single, large power pulse
can be ontained from the Jaser, or the laser outpur €an

- "be used for scanning purposes.

Accordingly, cre feature of the present invention ir a

. novel control systern for lasers in which laser output s

modulated and controlled ultrasonically.
Another feature of this invention is 4 novel control sys-

. tem for Jasers in which 1°ser output is controlled by the

refraction or diffraction of electromagnetic radiation in
the optical cavity of the laser through the use of a time
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wave ‘jaser can be gated or amplitude nrodulated by an

“ultrasonic -vave whereby pulse repetition rate is deter-
mined by oplical pumping intensity and ultrasonic fre-
quency. :

Still another feature of the presert invention is @ nove!
sysem for frequency modulating laser output.

Still anothar feature of the present invention is a novel
system for amplitude modulating laser output.

Other features and advantages will be apparent from
the specification and claims, and {rom the accompanving
drawir.gs which illustrate an embodimernt of the invention.

FIGURE 1 is a showing of tre control system cf the-
present inventior in which an ultrasonic cell is interposed
betv’ern the laser and a rcilecting surface to gencrate a
gated output from the laser.

FIGURE 1a is a showing of alternative structvre of
FIG. 1 wherein the laser, the ultrasonic cell, and the out-
hoard mirror are abutted. '
“ FIGURE 2 is a showing of a part of FIG. 1 in which

ﬁb}?—:‘zo the ultrasonic refrsction of the electromagnetic radiation

beam in the optical cavity of the laser is iilustrated.

FIGURE 3 is a showing of the coordination and syn-
chrenization between the ultrasonic wave and the laser
pulses of ine structure of FIG. 1. '

FIGURE 4 is a variation of the structure of FIG. 1
wherein the ultrasonic energy is passed directly through
the active laser element,

FIGURE 35 is a showing of an ultrasonic control sys-
tem for lasers.in which one or more large cutput pulses
are generated.

FIGURE 6 is a showing of an ultrasonic control sys-

tem for lasers in which the laser beam can be scanned in
a variety of patterns. ’
, FIGURE 7 ‘s a showing >f an uitrasonic control sys-
tem for lasers in which laser output can be either fre-
quency modulated or amplitude modulated or both fre-
quency and amplitude modulated. .

FIGURE 8 js a showing of an ultrasonic controf sys-
tem for lasers in which laser output can be amplitude
modulated. :

FIGURE 8a is a modification of the structure of FIG.
8 for anplitude morlvlation at a fixed frequency..

FIGURE 9 is a showing of an ultrasonic diffraction
pattern created by the systems shown in FIGS. 7 and 8.

FIGURE 10 is a showing of variations in diflraction

patiern intensity with variations in ultrasonic intensity.

varying refractive index in the feedback path of the‘ .

laser. ;

Another feature of the present invention is 2 novel
control for Jasers in which laser ousput is synchronized
with the frequency of an vltrasonic wave.

Still another feature of the present invention is a novel
control for lasers in which laser output is shutiered either
by ultrasonic diffraction interaction or ultrasonic refrac-
tion interaction to produce an extremely large amplitude
outpwr pulse from the laser.

Still another feature of the present invention is a novel
laser control system in which an e¢xtremely largce ampli-
tude ontput pulse is achieved th-ough the use of 2 reflect-

ing surface positioned at an acute angle to the axis of the -

laser and with an ultrasonic cell for refracting the electro-

- magnetic radiation in the optical caviiy of the laser.

Still another feature of the present invention is a novel
control system for lasers in which ultrasonic cells are used
to deflect the laser output to produce a scanning sysiem.

S1ill another feature of the present invention is a novel
laser system in which laser cutput is ultrasonically gawed
toalign, control or measure the paralielism of 1wo flat
plates. ’

Stili another feature of the present invention is a novel
laser control system in which the ontout of a continuous
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FIGURE 10a is a showing of syachronism belween
laser output and ult:asonic wave form for one mode of
operation cf tiie system of FIG. 8. R

Except where otherwise indicated, the following discus-
sion will describe the present invention as used with a
ruby iaver and a liquid medium ultrasonic cell. However,
it is to be expressly understood that any type of laser and -
any ultrasonic cell either liquid, gas, or solid can be used
in the practice of the present invention, or the ultraseaic .
wave can be propagated through the active portion of the
laser system. .

_ Referring now to Flu. 1, a ruby laser 2 is shown with
a pumping lamp 4 which has a D.C. power supply 6 ard
a capacitor bank 8 connected thereto, and a triggering
circuit 16 is provided for Jamp 4. The lamp 4 and its
lighting circuitry are conventional laser pumping &ppa-
ratus and form no part of the present invention. Laser 2
is a standard ruby laser exzept that only onc end has tbe
usual reflective coating or mirror 12 while the other end
is uncoated and the mirror usually present at the now vn-
coated end js moved outboard as at 14 parallel to misror
12 and in alignment with the axic ¢f the laser and facing
the uncoated end, mirror 14 preferably being more re-
flective than mirror 12. _Anultrasonic cell 16 s interposed_
betWween the uncoated end of the laser.and mirror 14 50
“That cell 16 js in_the optical cavity of the lascr, Cell 16
PSS .

el
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. 3 )
has a RaTiO; traasdocer 18, an akohol medium 20 and
a BaliC, receiver 2i. »nd cell 16 bas transparent windows
22 to allow passage of the Jaser output. Transducer 18 is
driven by oscillator 24 to generate an ultrasonic freouency
wave in medium 20, and the output fom receiver 21 is
fed Sack to oscitlator 24 1o supply positive feedback for
the oscillator. Cell 16 is exciled concomitantly with the
pumping of ruby 2. Celi 16 could be a traveling wave
cell as wall as the standing wave ceil described.

In the configuration of FIG, 1 the clements are selected
50 that the width W of the elsctromagretic radiation beam

_in the optical cavity of lascr 2 is much narrower than the

wave length A* of the sound wave in the ultrasonic cell,
the ratio WA/* being cpproximately %4 or less., With W
much less than A* the electromagnetic radiation beam in
the optical cavity of laser 2 passing through the ultrasonic
field in <tll 16 will be refracted back and forth in a sinus-
oidal matner with the defiection @ being given by the ex-
pression .
2xAplL

_sin’azs—rt— cos 2xf*l

()]

where Ap is ihe maximum change of the rafractive index

of the cell medium cawsed by the ultrasound, L is the .
path length of tie light threugh the sound field, /* is the *

-

ultrasonic frequency, and ¢ is time. Referring to FIG.-2, .

which is a simplified schematic of FIG. 1 and in which
like elements are aumbered as in FIG. 1, the refraction
of the electromaenetic radiation beam is illustrated. 'Thus,
when Jaser 2 is pumped. an emitied beam is passed through

_the ultrascnic field and is caused to scan mirror 14, When
Uthe angle ¢ is large the beam reflected from mirror 14 is

directed away from laser 2 and tnc encrgy loss will pre-
vent laser action from taking place at these angles. How-

ever, when 0 is zero or nearly sevo the energy incident

on mirror 14 is reflected or fed back to laser 2 and laser
action will occur. The angle ¢ wiil be zero twice in each
cycle of the souad wave, ard hence laser 2ction will take
place with a pulse repetition frequency o 2f¥, and this
relationship is shown in FIG. 3. In addition, as shown
in FIG. la, the clements of the system can bz broug’it to-
gether to reduce losses.  Thus, cell 16 is butted against
the uncoated end of ruby 2 and mirror 14 is butted
1n this configuration it would be desir-
abie to chonse the cell medium such that it maiches the
index of refraction of the active laser material. Only a
few watts of ultrasonic power are necdzd for this ultra-
sonic feedback modulation technique. For example, a §
<m. long. 0.6 cm. diameter ruby was operated as in FI1G. 1
wiith a pumping enerzy of 3360 joules. The ultrasonic
cell was excited at 122 kc. with less than 10 watts applicd

0
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27 to I/nfr wherein =1.2.3 L ..,
fntensity of the puraping of the laser.
The gencration of a series of sharp, evenly spaced
Taser pulses through ultrasonic feedback madulation of
laser output described above can fiad applization in a

variety of purroscs, ircluding. but not limited 5. radar,
range determinazion, snd communcation.

by regulating the

The above-descried ultrasonic gating of the . tput of
ruby 2 can alsa ke achieved with mirror 14 dev...d from
parallelism with mirror 12, i.c., at an acute angic o the

axis of ruby 2. Positioning mirror 14 in this meznner
forces the gatirg action of rubry 2 te occur at the ultra-
sonic frequency f* over a large range of optical pumping
intensitiss and firmiy establishes a fixed phase relation-
¢hip between the ulirasonic frequency and th: laser
oscillztions.  Measurements have chown that a 6 minute
off parallclism between mirrors 12 and 14 results ia a
99° gisplucement of the faser spikey with respect to
the ultrasoric wave form.. |

Referring now to FIG. 4, wherein parts similar te FIG.
1 are numiered as in ¥IG. 1 with a prime (") superscript,
a configuration is shown wherein boti cnds 12° and 14’
of the ruby 2’ are reflective coated. Ultrasonic waves
are generated by transducer 18" and passed through the
ruby 2’ to receiver 21°.  Pumping light is supplicd by lamp
4’. The coniiguration shown in FIG. 4 produces an out-
put of evenly spaced laser pulses in the same manner
as the structure of FIG. 1. In the structure of FIG, 4
the refraction of the electromagnetic radiation beam oc-
curs snternally of the ruby 2°, and the clectromagnetic
radiction beam scans mirror 14’ and is periodically re-
fiectzd to produce laser action as described above. Of
course, a traveling wave could also be passed through
rubty 2%, .

Referring now to FIG. 5,-a configuration is shown

whereby an ultrasonically gated giant pulse is obtained &

from a ruby laser. The structure is quite similar to that
of FIG. 1, and like elements are numbered as in FiG. 1.
The output from the trigger 10 is passed through a vari-
able delay 30 and thence to a pulse generator 32, the

* output from pulse generator 32 trailing the initiation of

1o transducer 18, and a series of evenly spaced laser out- -

puts at 2/¥ was obtained.

Thus, it can be scen that laser action can be coordi-
rated and synchronized with ultrasonic frequency to pro-
duce an ultrasonic feedback modulation of eiectromag-
netic radiation in the optical cavity of a laser whereby
evenly spaced laser _pulses are realized rather than the
usual random output pulses of some laser, or a coatinu-
ous wave output can be pated or amplitude modulated.
1n addition, an increzse in pulse height, a decrease in pulse
width, and a sharpening of pulse rise time are realized
through this ultrasonic feedback modulation technique,
and there are no moving paris in the system.

It has been stated above that laser action with the
wltrasonic reedback modulation of FIG. 1 will occur at
the rate of 2f*; nowever, this has presupposed that the
ultrasonic frequency is low encugh to allow sufficient time
for the E encrgy level population to reach the threshold
value every half cycle of the ultrasonic sound wave. If
the pumping intensity is not sufficient for the E popula-
tion level to reach threshold every half cvcle of the uitra-
sonic sound wve, laser action wiil occur oncs every full
cy=ie of the sound wavs. Thus, it will be undersiood that
the frequency of Jaser action can be made to vary from

“
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pumping light by a predetermined time. Pulser 32 rings
a nansducer 34 in ultrasonic cell 16 which drives alcobol
medium 26, Mirror 12 is shown removed from the end
of ruby 2, but could just as well be as in FIG. 1. The
significant diferences in the FIG. 5 configuration from
that of FIG. I is that mirror 14 is deviated from parallel-

jsm with mirrer 12. i.e., mirror 14 forms an acute angle

with the axis of roey 2 and there is a deliberate delay
between initiation of pumping of ruby 2 and excitation
of cell 16. :

In the operaiion of the structure of FIG. 5, ths pump-

ing of ruby 2 is initiated prior to the excitation of ultra-
sonic cel! 16 due to delay 20. The deviation from paral-
lelism of mirror 14 is such that for a piven amount of
pumping enough of the spuntaneous finorescence from
ruby 2 is deflected away from the ruby rather than re-
turned to it so that lasing of the ruby is prevented. In
essence. the optical fecdback path te the ruby has been
blocked, i.e., a high value for the threshold enerzy of the
Jaser is created, the device will not oscillate, and a large
overpepulation of excited atoms results,  Variable delay
30 is set to aciuate pulser 32 and pulse transducer 34 with
a high voltaze pulse to pass an ultrasonic ‘wave throuth
alconol medium 20, preferably when overpopulation is
at a maximum. The spontaneous radiation from ruby 2
passing through ccll 16 to mirror 14 interacts with the
ultrasunic wave and is refracted in accordance with Equa-
tion 1, supra, the wave length of the ultrasonic wave in
cell 16 being much greatér thar the width o1 the laser
beam, and a condition will occur when the radisdon will
be directed perpencicular to mirror 14, At this time,
a high restoratica of positive fezdback to tuby 2 is initi-
ated and laser action will occur with a very Jarge burst
of radiation.

i e T em
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ts witk the confguration ’Jf FIG. 5 usinz a
jovg. 0.6 em. dizmcter ruby, encreizi at 900
jou &5 and with a < psec. pulse used to cing a 122 ke. lead

“- zirconate fitanate transducer have produeed pulse heights

of 50 to 75 imces the normol palse ampiitudes with a rise
time of less than G narosccoads and with pulse widths
on the order of 30 ta 75 nanoseconds. in conirast with
microsecond pulse widths of the random pulses.

“This large output spike can find epplication in iong
range radai, range finding, and for large welding and
drilling operations.

The structure of FIG. S ¢can b2 used to obtain a series
of relatively large pulses by perioslicaliy exciiing the ultia-
sonic cell durine rnormal lasing action.

Reverting now to the structure of FIG. 1, the giant
anlee described above in conmnection with the op2ration
of FiG. 5 carn. b2 reaiized with the FIG. 1 confiziration
if A* s selectied to be mucn less than W, the ratio 1W/a®
bcing 7/1 or more.. Under these conditions the beam
p'\sung through the excited ultrasonic celi is difiracted
ratrer than refracted. and it can be shown that with suffi-
cient uitrasonic intensity the diffraction patiera has low
intensity in the center order. Ths effect results ia higher
intensity of the higher diffractor’ orders whose direction
of propagation deviates from ire axis of the ruby rod,
thereby viclding a high loss 1o th: system which is sufi-
cient to prevent laser action.  Also, diffraction of the
beam destroys the colizrent nature of the radiation res
ficcted back and forth between mirrors 12 and 14 and
Iaser action is prevented: thus, overpopulation of excited
atoms occurs. ‘Then the u'lfaso‘uc oscillations are stopped
and spontaneous radiation is reflecicd back to ruby 2
from mirror ¥4 and laser action takes places with a giant
ouiput spike. .

Referring row t¢ FIG. 6, a configuration is shown
whereby the laser beam can be deflected horizontally
and vertically to produce a scanuing system for drilling,
. wcldinz, scanning a target, etc.

42

d downgt; com of mirror 14 and
v Celis 40 and 42 are driver, amphﬁers
48, tespectively, and meduiators 48 and 56, which
may be cither frequency or amplitude e moduiators as de-
szred are connccted 10 ﬂmplmcrs 44 and 46, respectively,
This sys:em is operated in the regime where W/A*¥=1y,
and thus the laser beam passing through ultrasonic tells
49 and 42 is deflected. Simuliansous herizontal and verti-
cal defleciion can be obtained by cnergizmg the cells 49
und ‘42 with diffeent frequencies, or spiral scanning can
be obtained by driving the calls at identical frequencies
and difierent power levels. Thus, it should be apparent
that a variety of scanning patterns can be obtained by
manibulating power, frequency, and ph 2se of the dnvmg
sw'mls to the wltrasonic cells.

Larger angles of deflection can be obfained oy pres-
surizing the medium of the cells 40 and 42 to allow the
use of high istensity utrasonic waves without encounter-
ing cavitation.

Reverting again to the structure of FIG. 1, a measure-
ment of Lhe raralkclism of two plates can be obtained.

Experiments have shown that a 4 second deviation from

parallelism between mirrors 12 2nd 14 results in.a 1°
_ displacement of the gated laser pulse with respest to the
ultrasonic wave form. Thus, by monitoring the oosition
of the gated laser pulses with a photo detector and si-
multaneously dispiaying the gated laser pulses and ulira-
sonic wave forms or a scope, the para”ehsm hetween
reflective plates can be detérmined by ovserving tie rela-
- tive positions «f the gatcd puises and the ultrasonic wave
forms. Of course, it vill be understoed that the Plates
whose parallelim is being measured need not te the

- usual refiective surraces of the laser but could te plates

displaced frem the euds of the ruby and ustd as the
reflecting surfaces.

Referring now to FIG._?, there is shown a zontinuous

N \

The structure is similar’
“io that in FIG. 1, except that two ultrasonic cells 40, and._
4

3,297,376

20

e
(=]

3

o

45

50

65

K]

wave active laser ciement 102

quenzy, and the diferencs
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arnd parelle] refiecting end
plates 104 and 1935, plaie 104 Being more =eflcctive than
plate 106, Prmping radiatisn os indicated by the Tabe
arrows -is de .u.'ed 1o laser elvment 132 by any conven-
ient method, and reflectire ¢nd p.'xlc:, or suriaces 104
and 1€6 could abut > formi tic ends of active element
102 rather than being separate as shown.  An ultrasenic
cell 183 haying a transducer 110 is positiored o the
right of reflective end plate 106 in the path of the exntiited
beam from laser 182, It will be observed thit in e
configuration of FIG, 7 ultrasonic cell 108 is Jocated out-
2 defined by
s M mcdulaior
ansdicer 110 {0 pencrate
traveling waves of varving frequency in ultrasonic celt
108. A lens 107 reccives the loser output from cell 108
and displays it on an opaque surface 109 having an aper-
ivre 111 tierzin, surfece 109 bzing at the focal point of
lens 107. A standard_type of colhmamg oplics 114 is
lecated to the right of pluic 109 and is focused on apers
ture 111 for transmitting light signals passing through
aperiure 111,

The system shown in FIG. 7 is operated in the regime
where the wilh W of the emitted beam from laser 102
is much wider than the wave icngth A* of the sound
wave in the ultrasonic cell, the ratio W:i\* being ap-
proximaiely 7:1 or greater. Under this condition where
W is much greater than A*, the beam of emitted light
from laser 322 i5 diffracted in passing through the uitra-
sonic ficld in cell 108 duc 0 a time varying refractive
index czused by the ulirasonic field, the diffraction pat-
tern bemg in thé form of a series of iiluminated arcas
of varying in‘easity as‘md cated graphically in FIG, 9
normally diminishing in imensity from the zero order
to higher orders.

R»fcrrmg now to FIG. 9, the becam of emitted lascr
lxghl is diffracted in passing thrcugh the ultrasonic field
in cell 198, the ditfraction being at angle @ given by(
= Kx

sin’ 0—)\7-,

o\

Telleciive ¢id plaes 104 %
112775 "connééied 1o d-

2}

where K equals 0, 1, 2, 3, 4, cte. (diffraction orders),
A equals the wave length of the emitter Jaser beam, and
A* eguals the wave length of the scund wave in the ultra-
sonic cell. For the casc of traveling sound waves de-
pxcled in FIGS, 7 and 9, the sound wave in the uitra-
sonic cell acts as a diffraction grating which is moving
with the velocity of sound at right angles to the direc-

. tiori of the emitted laser Yiyht incident on the ultrasonic

cell.  As a result of the Doppler effect, the light beain
which is bent aside in the difiraction spectra in the direc-
tion of propagation of the sound wave expericnces an in-
crease in frequency vhile the light beam diffracied in
the opposite direction is lowered in frequency. The fre-
quency s of the light deflected through an angle 6
irom its original direction may be calculated from the

relation
2V
rx=u( = sin ;,?)

c 2 (3)

where » equals the frequency of the laser light incident
on the ultrasonic cell 108, = equals the index of refrac-
tion of the medium of celi 108, ¢ equals the velocity of
light in free space, and V equais the velocity of sound
in the medium of cell 168. From Equation 2 and from
the fact that n=e¢/c, where ¢y is the velocity of light in
the medium of cell 108, thz foliowirg relaticnship results
rg==rgt Kf* 4)

where f* equnls the frequency of the ultrasonic wave in
celi 108. .
As can be seen from Equation 4, the emitted laser
beam, in pasing ihrough ultrasonically excited ceil 108,
will be diffracted into a pattern of lights of different fre-
in frequencies belween the

1

YR
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7.
orders of tFe Jiffractizn pattersr will be a direct function
of ihe frequensy of t1¢ wirasenis wave in cell 1G8.

M modulitor 112 delivers an FM signal to transducer
110 in accordance with a message of intelfgence that it
is desired to tiansmt, such as a voice anessage.  The
frequency modulaed signai ¢ziivered to transducer 110
generates a frequency modulated traveling wave in mMta-
soni¢ cell 108 in accordance. with the intelligence to be
transmit-ed. and, i1 accordance with Equations 2 through
4, the freguency
cell 168 is superimposed on the diffraction paitern pro-
duced by excited cell 108 sa that the frequencies of the
etders of the diffraction patters other than the zero order
afe varicd in.accordance with 1he changes in frequency
of the ultrasonic wave in cell 308 aad hence in accord-
whce with the inielligence that it is desired to transmit.

Ini the éase of a frequency modulated traveling wave
in vlitasoni¢ ¢eil 104, the frequency bf the zero order of
the diffraétion pd‘lern remiains consiant at the frequency
of the emitted laser beam, amd thy frequencies of all
bihei orders in the diffraction pattéfn change in propor=
tioh to and as a function of thz chunpe in {requency of
the ultfasonic wave in cell ¥@8. Dpaque surface 109
is positioned §0 thut apesture §21 only passes sclected or-
déis 6f the diffraciion pattesw, e.g., the zero and first or-
“@eéfs, which afe then recoliimated by opiics 114 for long
distaiice  propagation. An  optical photoeiectric or
phiotoconducior type of superheterodyne receiver known
{1 the art, ¢an be placed 10 receive the FM light beam
from éollimating optics 114 and can be tuned to detect
the &hanges in frequencies Beiween the orders of the
diffraction pattern passed by speriure 111 and gencrate
€lécitical sighals to reproduce the transmitied informa-
{ion.  As an alefnative, apertare 111 could be placed to
pase only oné ofder of the difiraction pattern. e.g. the
fifst order, and this one order could be beat against the
Biitput 6f a lozal oscillator.  Also, for the transmission
6f an FM beam, lens 107 and surface 109 could be

+ oivitted s0 thet collimating eptics 114 would deliver an

© FM light beam of a mixiee of all frequencies in the
diffraction pattern to a recelver properly tuned to a
baftd of frequencies. . ’

M each oidei- of the diffraction patlern creaed
by cell 108 is of suffic -nt intensity to be itself
difffacled into a dehuite rattern, then &ach order of the
diffraction rattern ¢culd be passed through a separate
ultFasonie eeil for frequency modulation.  This diffraction
of each order of the diffraction pattern could.be repeated
#s Many times as a vseful diffraction pattern could be ob-
tainéd by diffracting each order of a diffraction pattern,
{:€., as long as the intensity of each order of a diffraction
pittern was sufficiently high wo be diffracted into a use-
ful pattefn. A number of different messages may he im-
posed on the single light beam emitted from laser 102
through this technique of repeated diffraction, and all of

" the final difiraction patterns can be recollimated by optics
114 for transmisison of the several messages in a single
beam of light. )

Referring to FIG. 8, a system is shown whereby a
pulsed output type Jaser or a continuous wave laser can
b: modulated by uitrasonic difiraction to obtain a series
of evenly spaced output pulses of equal magaitude, or
whereby 2 continuous wave Iaser can be amplitude mod-
ulated by ultrasonic diflzactisn to produce an amplitude
fmodulated output comimenswrate with intelligence or a
Tessage. L ot
A laser system consisting of acfive laser element 350
and refleciing end plates 32 and 354 has an ulirasonic
¢ell 156 and transducer 15% i the opiicsi cavity, plate 152
being more 1cfiective than plate 184 *\ lens 162 either
in or to the right of ceil 156 displays ... output from cell
156 on an opaque piate ¥4 Srawing an aperture 165
herein, plate 164 being at the focal point of lees 162.

" The inner surfoce 168 of refiector 154 is curved along 2
fadius sveh that its facal point is at plate 164 so that light

“ v

modulation of the ultrasonic wave in’

3 207,676

to laser clement 130,
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incidsnt on surface 368 from aperture 165 will be re-
flested tack throuzh aperture 166 ta lens 162 and thence
Transducer 153 is driven by AM
transmitter 160, and, as in the system of F1G. 7, the sys-
tem of FIG. & is operated in the region where W/AT is
approximately 7/1 or greater so that the elzctromagnslic
encroy in the optical cavity of the lasar system is daf-
fructed. Plate 164 is placed so that only the zero crder
of the diffraction pattern passes through aperivre 166 and
impinges on curved reflecting curface 168.

Referring now to FIG. 10, there is shown in graphic

form: the relaticnship between the intensiiy of the ordars

of the Jiftraction pattern and the intensity of the ultra-
sonic wave in cell 186,  As can be seen, the intensity of
the zero order falls off to almosi zerc and then rises
slightly as ulirasonic intensity increases while the intea-
sities of the higher orders of tne diffraction pattera in-
crease and decrease »s a function of ultrasonic intensity.
Also, it can be scen that the zcro order curve is jinear
along a great portion of its slope.

~ The relative intensity of the mth order of-the diffraction
pattern to the ath order of the difiraction patern is given

by the expression
2xdpl
of L
I ‘r‘“( A )

" (5)
where §i, and Iy, are the Bessel furctions of the mth order
and the nth order of the diffraction patiern, Ap is the
maximum variation of the refractive index in the uvltra-
sonic cell, and L is the length travelled by the electro-
magnetic energy in 1%¢ ulirasonic medium and A is the
light wave length. The angle that the respective orders
of the diffractica paitcrn make with the initial direction
of propagation is gi-en by Equation 2.

If ultrasoniz c=!l $3¢ is cacited by an unmodulated
output from AM mitter 160 driving transducer 158
so that an unmedulated uniform travelingz wave is set up
in cell 156 ai an intensity sufficient 1o suppress the zero
order of the difiraction paltern, a high loss will Tesult 40
tne laser sysiem because the zero ordsr of the diffraction

“pattern will not be fzd back to laser element 150. Since

aperture 166 js pesitioned so that only the zero order can
pass through the aperture and impinge on surface 168, and
since the zero orcer will be suppressed at this time, lasing
acticn will not occur. Inferrupting the uitrasodic wave
in ccll 156 by interrupting the output from transmitter 160
will remeove the diffraction pattern, and the electromag-
netic encrgy of the laser system will be fed back by re-
flectors 152 snd 154 in usual fashion so that lasing action
will occur, . Sipularly, lasing action can also be made o
occur by reducing che intensity of the ultrasonic wave
1o the Jevel wherein the intensity of the zero order of the
diffraction pattern is strong, and this strong zero ordar

~ will be fed bsck to laser 150 by refeciors 152 and 154

60

[
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to ‘cause lasing action. Re-2stablishing the original uni-
form traveling wave in cell 156 would again establish a
diffraction pattern with a cuppressed zero o-der, and
Jasing action would be interrupted.  Thus, as seen in FIG.
10a, the oulpit of the laser system can be coordinated or
<yrchronized with the uitrasonic cxcitation of cell 156
so that a series of spaccd pulses cad be obtained from the
laser system through ulirasonic diffraction of the electro-
magnet’: encrgy of the laser in the feedback path. These
output rulses can be cither evenly spaced or uneverly
spaced ucpending on the spzcing of the outputs from
transmil-cr 168,

When the ¢-tniit of transmitier 160 Is amplitade modu-
lated in acc =Fnse with a message or mitelligence. the
intensity of - - w.ltrusonic wave in cell 156 will be sirailarly
modulated, =% a result, the intensity of the orders of tie
diffraciion ¢ .%ern produced jrom the interaction of the
ultrasoniz . we and the clectremagnetic radiation fro=
laser clement $50 will be varied, and the zero order in-

IS
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tensity ¢an-be varicd zlmost lincurly over a very wide
range of inicnsitics. - With apertuic 166 positioned as
described, only the variation in inteasity of the zero ordar
of the Giffraction pattern is of inferest since only the
zeto arder will affect the amount of feedback te Iaser 150
to modulate Jaser output. When laser 150 is of the con-
tinuous wave type, the output of the faser system will be
armplitude moddelated in accorcdance with the niessage or

' inteli‘pence represented by the amplitude moduiated out-
. put of traasmitier 160,

Whether the output from the laser 150 is amplitude

“modulated for the iransmission of a message -or intelli-

gence or is modulated as shown in FIG, 10a for the gener-

.ation of a scrics of pulses, the output can be recollimated

for long distance transmission by optics 170 focused on
If mirror 154 were more reflective than
mirror 152 no collimating optics would be necessary be-

mirror 152, The repetitive pulse output can find ready

- applicatiod in systems such as radar and range ﬁnd'ng,

and the amplitude modulated message autput can be de-
tected by well-known photoelectric devices.

Refersing now to FIG. 8a, & system similar to 1hat in
FIG. 8 is shovn in which the traveling wave transmitter,
160 and cell 156 of FIG. 8 are replaced by a standing wave
oscillator 180 and ultrasonic cell 182 having transducers
184 and 186 connected to the ouiput and return, respec-
mely, of escillator 180. The remammg structure of FiG.
8a is as in FIG. 8, and the operation of the structure of
FIG. 8a differs from ihe F1G. 8 structure in that a stand-
ing ultrasonic vsave of a frequency fo is set up in cell 182
for a given output from oscillatcr 180, The maximum

- intensity of the wave in ceil 182 will be selected to be at

a level sufficient to suppress the zerc order of the dif-

- fraction pattern, and the structure of FIG. 8a will auto-

matically operate to gate laser output at & frequency of
21+

The AM modulated systems of FIGS. § and 8a could
also be operated without lens 162 and plate 164; but, the
higber orders of the diffraction pattern would be fed beck
to laser 150 when the zero order was suppressed, and con-
trol of laser output would not be as refined. -

Referring once again to the structure of FIG. 7, the

" frequency modulated output of the structure of FIG. 7

" additional messages or intelligence.

- by cell 108,

can also be amplitude modulated for the transmission of
Thus, switch 116
can be closed to deliver the output from FM transmitter
112 to AM modulator 118 where it is amplitude modu-
lated prior to being delivered 10 drive transducer 110.

“Thus, an amplitude modulated signal can be imposed on

the frequency modulated cell 108 to modulate the in-
tensity of the orders of the diffraction patiern established
In this manner, both frequency modulated
and amplitude modulated signals ¢an .be transmitted by
the structure of FIG. 7.

It is to be understood that the invention is not limited to
the specific embodiment herein illustrated and described,
but may be used in other ways without depariure from
its spirit as defired by the following cIauns

1. In a comro] system for lasers, means for generating
a laser output jocluding anm active continuous wave laser

10

cause lascr output would be a collimaied beam through

20

65

a0

10

clement having end refleclors, at Jeast one of said re-
flectors being spaced 2t a distunce from said laser cle-
ment, the space between said reflectors defining an optical
cavity, a ligquid ultrusonic cel positioned in said optics!
cavity between said laser clement and said spaced re-
fiecctar whereby the laser output passes through said celf,
means for generating an amplitude modulated signal, and
means for applying said signal to said cell t6 gencrate an
amplitude modulated wave within said cell, said Jaser ovt-
put being intensity modulated in accordance with said
signal as said laser output passes through said cell.

2. A control system for lasers as in claim 1 in which
said amplitude modulated wave w:lhm .,axd cell is a
1mvcllm" wave,

3. A conirol system for lasers as in claim 2 ina which
the amplitude modulated travelling wave has a wave-
Jength A* which is related to the width of the laser output
W by the relationchip Wsa*=<57 whereby said laser output
is diffracted when passing through said cell,

4. Apparatus as in claim 3 and including meaas for
passing only the zero order of said diffracted laser oufput,

5. Apparatns as in claim 4 wherein sa'd means for
passing only the zero order of said diffracted output in-
cludes a lens positioned to receive the laser output be-
tween said cell and said spaced reflector, and an opaque
plate having an aperture therein positioned at the focal
point of =aid lens.

6. npparazus as in claim § in which said spaced re-
fector is curved and has its focal point at the apcr'urc of
said opaque plate.

7. Apparatus as in claim 4 and including means for
periodically reducing the intensity of said ampliiude
modulated sigaal applied to said cell to thereby produce
a pulsed laser output.

8. Apparatus as in claim 1 in which said amphmdf-
modulated wave is a constant amplitude standing ‘wave
whereby a Jaser output of twice the frequency of the
amplitude modulated wave is produced.
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